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Abstract.— Photosynthetic production of two Mojave Desert shrubs was measured under natural growing condi-

tions at UCLA. Measurements of photosynthesis, transpiration, resistances to water vapor flux, soil moisture poten-

tial, and tissue water potential were made. Atriplex canescens (Pursh) Nutt, a member of the C4 biochemical carbon

dioxide fixation group was highly competitive in growth rate and production during conditions of adequate soil mois-

ture. As soil moisture conditions declined to minus 40 bars, the net photosynthetic rate of Atriplex decreased to zero.

However, the C3 shrub species Larrea tridentata (Sesse & Moc. ex DC.) Gov. was able to maintain positive net pho-

tosynthetic production during conditions of high temperature and extreme low soil moisture through the major part

of the season. The comparative advantages of the C4 versus the C3 pathway of carbon fixation was lost between

these two species as the soil moisture potential declined to minus 40 bars. Desert plants have different strategies for

survival, one of the strategies being the C4 biochemical carbon fixation pathway. However, many of the plants are

members of the Gj group. In this instance, the C4 fixation pathway does not confer an added advantage to the pro-

ductivity of the species in the Mojave Desert. Species distribution based on comparative photosynthetic production

is discussed.

Desert plant species have evolved special-

ized strategies for coping with extreme envi-

ronmental conditions. Drought avoidance

and drought resistant plant species exist in

the same area, although growth and repro-

duction may occur at different times during

the season. In the Mojave Desert, plant spe-

cies growth response and productivity is gov-

erned principally by moisture relationships

(Bamberg et al. 1975, 1976). Photosynthetic

production is also related to species differ-

ences between age, leaf type, and distribution

(Cunningham and Strain 1969, Strain 1969,

Bjorkman 1971, Wallace and Romney 1972).

In addition, desert plants possess special

physiological traits such as low leaf tissue

moisture and high osmotic pressure (Koz-

lowslq 1968, 1972, Solbrig and Orians 1977)

and temperature adaptation (Bjorkman et al.

1971, Pearcy 1977). Many desert plants carry

out most of their photosynthesis during favor-

able periods of the year when moisture rela-

tionships are conducive to growth (Hatch and
Slack 1970, Jarvis 1971, Caldwell et al. L972).

Three biochemical pathways for carbon

dioxide fixation have been documented
rather extensively (Hatch et al. 1971, Burris

and Black 1976). These three pathways in-

clude C3 , C4 , and CAMphotosynthesis. Atri-

plex canescens (Pursh) Nutt., one of the plant

species of interest, is a member of the C4

photosynthesizing group. The second plant,

Larrea tridentata (Sesse & Moc. ex DC.)
Cov., has the C3 pathway of photosynthesis.

There is some consensus of opinion that the

C4 pathway of photosynthesis has conferred

some adaptive advantage to species possess-

ing it, enabling them to be more competitive

under extreme conditions such as exist in

desert environments. In C4 species, carbon

dioxide is first fixed by PEPcarboxylase into

aspartate or malate and then transferred to

specialized bundle sheath cells for fixation by
ribulose diphosphate carboxylase. In C3

plants, which lack the specialized bundle

sheath tissue, carbon is fixed by ribulose 1 :5-

diphosphate carboxylase. The affinity of the

PEPcarboxylase for carbon dioxide is greater

than is the affinity of carboxylase for carbon

dioxide in the C4 pathway. Another advan-

tage is a high water use efficiency intrinsic to

those plants that have the C4 pathway. This

higher rate of photosynthesis and higher wa-

ter use efficiency, coupled with higher light

saturation and lack of photorespiration,

should confer upon those plant species a bet-
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ter adaptive strategy for survival in extreme

conditions of the desert (Hatch et al. 1971,

Solbrig et al. 1977). It became of interest to

study the photosynthetic strategy of two
shrubs, one of the C4 group, A. canescens,

and one of the C3 group, L. tridentata. The
morphology, distribution, and density of the

species have been described earlier (Wallace

and Romney 1972, Solbrig et al. 1977).

Materials and Methods

This work was done on species from the

Nevada Test Site located in a transition zone

between the Great Basin desert and the Mo-
jave Desert. Climatic conditions in this area

are characteristic of both regions, with ex-

treme summer heat and winter cold. The pre-

cipitation generally is less than 125 mm
yearly. Both plant species are native to this

area, with L. tridentata being of higher den-

sity than A. canescens.

Plant materials as cuttings or whole plants

were removed from the desert and trans-

ported to the UCLA facility for study. Plants

taken from the desert were removed during

winter dormancy and transplanted directly

into cement-lined growth beds where total

soil water availability could be controlled.

Plant material, as cuttings, was rooted in a

glasshouse and then transplanted into the

beds for study. The cement-lined beds were 1

X 4 m and 40 cm deep. These growing con-

ditions provided a means for establishing and
monitoring plant growth during several sea-

sons. Four beds were used; 6 to 8 plants of

each species were used in the study, and nu-

merous photosynthetic measurements were
taken on each plant. Soil moisture was mea-
sured with psychrometers purchased from
Wescor, Logan, Utah. Plant moisture poten-

tial was measured with a pressure bomb
(Scholander et al. 1965). Gas exchange was
measured using a Seamens Null-point cham-
ber as described by Koller 1970). The Seam-
ens equipment was designed to measure C02

exchange and transpiration at controlled or

ambient conditions. Plant materials pre-

viously established in the beds were main-
tained in a well-watered condition before

measurements were taken. Soil water depl-

etion occurred by allowing the plants to uti-

lize the available soil water. Photosynthesis

and transpiration measurements were fol-

lowed during several drying cycles.

Results and Discussion

Data presented here are averages of the

photosynthetic rates of the two shrub species

in two years. Figures 1 and 2 show the com-
parison of photosynthetic rate and resistance

to water vapor diffusion as plotted versus in-

creasing soil water potential for 1974 and
1975. At higher water potentials and higher

water availability, A. canescens showed high-

er maximum net photosynthetic rates than L.

tridentata for both years. The net photo-

synthetic rate of A. canescens was maximum
at high soil water content and decreased
from near 50 mg C02 per square decimeter

per hour to near zero as the soil moisture de-

creased to minus 45 bars. At high soil mois-

ture these data show the A. canescens re-

sponse to be consistent, with C4

photosynthesis being greater than C3 ; how-
ever, the C4 advantage is not as apparent at

decreasing soil moisture. Data for L. triden-

tata for the two years show the initial lower

maximum rate of photosynthesis, but mainte-

nance of a small but positive net C02 uptake

as the soil moisture decreased to minus 50
bars. Larrea tridentata is capable of small

positive net photosynthesis during portions of

the day to minus 65 bars of soil water poten-

tial (Bamberg et al. 1975).

Figure 3 shows the net carbon dioxide up-

take of A. canescens and L. tridentata during

morning and afternoon conditions. The C4

plant, A. canescens, shows a higher maximum
and a broader range of morning fixation (Fig.

3b) than the C3 plant, L. tridentata. A de-

creasing rate of photosynthesis and increasing

resistance values characterized both plants as

soil moisture decreased. The afternoon car-

bon fixation by A. canescens showed a differ-

ent pattern, i.e., a decrease from an initial

high rate at high water content of the soil to

a rather low rate. Larrea tridentata, on the

other hand, showed very little difference be-

tween morning and afternoon fixation rates,

starting at a maximum of 30 to 35 mg C02

per square decimeter, decreasing with de-

creasing water potential of the soil, but main-

taining a positive net fixation to minus 50
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bars. Morning measurements of leaf resist-

ance to water vapor flux showed an increase

in the afternoon as temperatures gradually

increased. Afternoon temperature measure-

ments are commonly 30 to 40 C at UCLA,
where the measurements were made. These

data show the opposing photosynthetic strat-

egies of the two desert shrubs. The C4 plant,

A. canescens, had a higher photosynthetic

rate during conditions of lower morning tem-

peratures and higher soil water potentials.

However, the C3 plant, L. tridentata, was ca-

pable of maintaining a positive net photo-

synthetic rate at higher stress levels.

In Figure 4, data are plotted which de-

scribe the net carbon dioxide uptake at two

temperatures, 25 and 35 C. In both species at

25 C, photosynthesis and transpiration paral-

leled each other as tissue water potential de-

clined. At 35 C transpiration increased pro-

60
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portionately greater than the photosynthetic

increase in both species. As the tissue water
potential decreased to minus 40 bars at 35 C,

the net photosynthetic rate decreased to zero

in A. canescens. The evergreen shrub, L. tri-

dentata, was able to maintain a small but
positive net photosynthetic rate as the tissue

potential decreased below minus 50 bars.

The photosynthesis to transpiration ratio,

as plotted in Figure 5, shows some interesting

70
- Atriplex canescens /•

rl4

-a- Larrea tridentata
/

Fig. 2. Daily average rate of photosynthesis and stomatal resistance versus soil water potential of Atriplex canes-
cens and Larrea tridentata, 1975. Conditions were as described in Figure 1.
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Fig. 3. Photosynthesis and stomatal resistance of two desert shrubs. Data represent averages of plants to morning

(cool) conditions and (warm) afternoon conditions as soil moisture declines. Conditions were as described in Figure 1.
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Fig. 5. Water use efficiency versus (issue water pot<

described in Figure I.
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differences between the C4 species, A. canes-

cens, and the C3 species, L. tridentata. At

moderate tissue water potential between
minus 10 and minus 30 bars, A. canescens

showed an increasing water use efficiency at

both temperatures 25 C and 35 C. Such is

characteristic of a C4 shrub. However, as the

tissue water potential decreased below minus

30 bars, the ratio decreased rapidly. The
strategv displayed by the C3 plant, L. triden-

tata, was somewhat different. The water use

efficiency as shown by the photosynthesis:

transpiration ratio decreased rather gradually

as tissue water potential declined to minus 50

jars.

Figures 6 and 7 show the relationship be-

tween the milligrams carbon dioxide fixed on

an area basis and a dry weight basis. These

two curves indicate that it is possible with a

high degree of confidence to make a dry

weight measurement on the leaves and con-

vert that to an area base measurement for re-

sistance calculation. These data also imply

that the specific leaf weight of A. canescens
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and L. tridentata do not change as the photo-

synthetic rates decline due to decreasing wa-

ter potential of the soil.

These two plant species, one a C4 carbon

fixer and one a C3 fixer, showed differing

strategies in coping with the extreme envi-

ronment of the desert. The C4 species, A. ca-

nescens, appeared to have the higher photo-

synthetic rate during conditions of moderate

moisture and temperature stress. Higher wa-

ter use efficiency is shown by the C4 species

under conditions of moderate water stress.

However, the evergreen shrub, L. tridentata,

is capable of maintaining small but positive

net photosynthetic rates throughout the ma-

jor portion of the growing season.

These two plant species differ in their bio-

chemical mechanism of photosynthesis and

show contrasting strategies for survival in the

desert. Atriplex canescens is capable of pro-

ductivity and growth during a more favor-

able moisture climate and is not competitive
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under soil moisture conditions of less than

minus 35 bars. Distribution of the two shrubs

in the various desert climates has been de-

scribed by Wallace and Romney (1972). Atri-

plex canescens appears to be more suitable to

the colder, wetter climates provided by the

Great Basin desert than does L. tridentata.

The distribution of L. tridentata into the

more northern part of the Mojave Desert and

into the Great Basin desert appears to be lim-

ited by the cold winter temperatures.
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